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ACN;	 acetonitrile,	 ADH;	 alcohol	 dehydrogenase,	 IMAC;	 immobilised	 metal-affinity	
chromatography,	iPrOH:	isopropanol,	SDS-PAGE;	sodium	dodecyl	sulfate	polyacrylamide	gel	










archaeum	Haloquadratum	walsbyi	 (HwADH).	 A	 hexahistidine-tagged	 recombinant	HwADH	
was	heterologously	overexpressed	in	Haloferax	volcanii.	HwADH	was	purified	in	one	step	and	
was	found	to	be	thermophilic	with	optimal	activity	at	65	°C.	HwADH	was	active	in	the	presence	
of	10	%	 (v/v)	organic	 solvent.	 The	enzyme	displayed	dual	 cofactor	 specificity	and	a	broad	
substrate	 scope,	 maximum	 activity	 was	 detected	 with	 benzyl	 alcohol	 and	 2-phenyl-1-
propanol.	 HwADH	 accepted	 aromatic	 ketones,	 acetophenone	 and	 phenylacetone	 as	







Haloquadratum	walsbyi	are	 flat,	 square	 cells,	most	 recognisable	 as	 having	 postage-stamp	
shape;	 their	 characteristic	 gas	 vacuoles	 afford	 buoyancy	 in	 salt	 lakes	 (Stoeckenius	 1981;	
Walsby	1980).	 	Compared	to	other	members	of	Halobacteriaceae,	Haloquadratum	walsbyi	
have	an	unusually	low	GC	content	(47.9%)	(Bolhuis	et	al.	2006)	which	effects	the	third	codon,	
at	 the	nucleotide.	However,	many	of	 the	proteins	encoded	by	H.	walsbyi	 presents	 similar	
characteristics	to	other	halophilic	proteins	with	a	high	percentage	of	acidic	residues	(average	
pI	=	5.1)	(Bolhuis	et	al.	2006).	Haloquadratum	walsbyi	follow	the	same	“salt-in”	strategy	as	








the	 literature.	 This	 is	 in	 stark	 contrast	 to	 the	 plethora	 of	 knowledge	 and	molecular	 tools	
available	 for	Haloferax	volcanii	 (Allers	et	al.	2010;	Hartman	et	al.	2010;	Large	et	al.	2007).		








The	 enzymes	 from	 halophilic	 archaea	 have	 novel	 activities	 that	 are	 distinct	 from	 their	
mesophilic	 equivalents.	Halophiles	have	become	 interesting	 industrial	 catalysis	 candidates	
due	to	their	adaptations	in	low	water	activity.	This	means	that	they	are	active	in	some	organic	
solvents,	which	may	be	advantageous	 industrially,	due	to	 increased	solubility	of	non-polar	
substrates (Sellek and Chaudhuri 1999; Yu and Li 2014). Some	 industrial	 applications	 of	
halophiles	and	halo-adapted	organisms	 include	the	production	of	β-carotene	by	Dunaliella	
salina (Borowitzka and Siva 2007), and	 the	 production	 of	 ectoine	 (1,4,5,6-tetrahydro-2-
methyl-4-pyrimidinecarboxylic	acid)	by	Halomonas	elongata	and	Marinococcus	M52 (Oren 






a	 halophilic	 ADH	 (NpADH),	 was	 mined	 from	 the	 genome	 of	 Natronomonas	 pharaonis,	
expressed	in	E.	coli	and	found	to	be	alkaliphilic,	thermoactive	and	extremely	salt-dependent	
(Cao	 et	 al.	 2008).	 Within	 our	 lab	 we	 have	 fully	 characterised	 several	 halophilic	 ADHs.	






et	 al.	 2013).	 Two	 ADHs	 from	 Haloferax	 volcanii,	 HvADH1	 and	 HvADH2	 have	 also	 been	
investigated.	While	HvADH1	had	some	interesting	activity,	HvADH2	had	significantly	better	
stability,	 unprecedented	 solvent	 tolerance,	 and	 broader	 substrate	 scope	 (Timpson	 et	 al.	
2013).	HvADH2	 soon	 became	 the	 benchmark	 for	 halophilic	 alcohol	 dehydrogenases	 with	
extensive	further	investigation	into	further	enhancing	its	stability	by	covalent	immobilization	





















search	 for	 novel	 ADHs	 from	Haloquadratum	walsbyi	 (Kuipers	 et	 al.	 2009).	 The	 sequence	
alignment	across	the	ADH	super-family	was	refined	with	keywords	"Haloquadratum	walsbyi"	
and	 four	 hits	 which	 were	 homologous	 to	 HvADH2	 from	 Haloferax	 volcanii	 (Fig.	 1)	 were	
identified.	 Two	 hits	were	 predicted	 to	 be	 an	 oxidoreductase	 (homolog	 to	 zinc	 containing	
alcohol	dehydrogenase).	One	hit,	 “GOLGA5”	had	65	%	 identity	 to	HvADH2	 (Timpson	et	al.	
2013).		
	
FIG	 1:	 3DM	 dataset	 for	 Alcohol	 Dehydrogenase,	 a	 BLAST	 search	 with	 HvADH2	 as	 query	






The	 overexpression	 system	 in	 Haloferax	 volcanii	 was	 employed	 for	 the	 heterologous	
overexpression	 of	HwADH	 (Allers	 et	 al.	 2010).	 The	 gene	Hqrw_1156adh	 was	 cloned	 into	
pTA963	to	generate	a	hexahistidine-tagged	expression	construct	which	was	then	transformed	
into	Haloferax	volcanii	strain,	H1325.	This	strain	features	a	double	deletion	of	endogenous	
adh1	and	adh2	and	 is	 our	 strain	 of	 choice	 for	 expression	 of	 ADHs.	 Expression	 of	HwADH	
followed	established	protocols	previously	 reported	 for	HvADH2	 (Cassidy	2017).	 It	 is	worth	
mentioning	that	Hqrw_1156adh	was	also	cloned	into	pRSETb	to	probe	expression	in	E.coli.	








following	 dialysis	 overnight.	 It	 was	 reasoned	 that	 the	 addition	 of	 ZnSO4	 (2	mM)	 into	 the	
dialysis	buffer	may	prevent	this	loss	in	activity.	It	is	postulated	that	the	structural	zinc	in	the	
protein	 plays	 an	 important	 stabilising	 role,	 and	 incubating	 the	 enzyme	 with	 Zn2+	 allows	
recovery	after	purification	in	the	presence	of	EDTA	(Magonet	et	al.	1992).	Indeed,	when	the	





FIG	 2:	 SDS-PAGE	 gel	 of	 HwADH	 IMAC	 purification	 in	 lanes	 1-5,	 arrow	 depicts	 position	 of	













buffers	 which	 featured	 4	 M	 KCl	 (Fig.	 3).	 In	 terms	 of	 cofactor	 specificity,	HwADH	 readily	
accepted	NAD+	and	NADP+,	with	10	mM	BzOH	and	1	mM	cofactor,	the	specific	activity	was	






























HwADH	 displayed	 a	 preference	 for	 primary	 aromatic	 alcohol	 substrates,	 particularly	 with	











tested,	 it	 was	 observed	 that	 HwADH	 accepted	 both	 (165	 mU/mg	 and	 247	 mU/mg	
respectively).	This	shows	potential	for	HwADH	to	be	applied	to	the	dynamic	kinetic	resolution	
of	 arylpropanols	 (Galletti	 et	 al.	 2010;	 Quaglia	 et	 al.	 2013).	 Bulkier	 substrates	 were	 also	









addition	 of	 organic	 solvent	 (without	 pre-incubation)	 in	 50	 mM	 Gly-KOH	 buffer,	 pH	 10	
containing	3	M	KCl	at	50	°C.	Methanol	was	the	best	co-solvent,	HwADH	retained	42	%	activity	
compared	to	the	control.	Equally,	in	the	presence	of	ACN	and	acetone,	HwADH	retained	37	
and	 39	%,	 respectively.	HwADH	was	 effected	 by	 iPrOH,	 retaining	 only	 14	%	 activity.	 As	 a	
comparison,	a	similar	study	was	performed	with	HvADH2	with	the	same	concentration	of	salt	















gene	were	 designed	based	on	 the	 published	 nucleotide	 sequence	 (NCBI	NC_017459.1)	 to	
include	 restriction	 sites	 for	 NdeI	 and	 BamHI,	 respectively.	 The	 Hwadh_1156	 gene	 was	
amplified	in	50	µl	reactions	containing	0.5	µM	of	each	primer,	200	µM	dNTPs,	1	ng	of	genomic	





was	 treated	 with	 GoTaq®	 polymerase	 to	 facilitate	 A	 tailing	 for	 subcloning	 with	 the	
StrataCloneTM	(Agilent)	kit.	Briefly,	the	reaction	contained	4	µL	PCR	product	(70	ng/µL),	2	µL	
5x	 GoTaq	 Flexi	 reaction	 buffer,	 1	 µL	 dNTPs,	 0.6	 µL	 25	mM	MgCl2,	 1	 µL	 GoTaq	 Flexi	 DNA	
polymerase	and	1.4	µL	sterile	water.	Reaction	was	incubated	at	70	°C	for	30	min.	Without	
cleanup,	adenylated	DNA	(2.5	µL)	was	incubated	with	cloning	buffer	(3	µL)	and	StrataClone	








pTA963	 (provided	 by	 Dr.	 T.	 Allers)	 by	 a	 sequential	 restriction	 digest	 of	 pSC-A-hwadh	 and	
pTA963,	respectively,	using	restriction	enzymes	NdeI	and	BamHI-HF	(New	England	Biolabs,	1	
U	ml-1)	 in	 their	 recommended	buffers	buffer	at	37°C	overnight.	Restriction	products	were	
visualized	 on	 a	 0.8	%	 agarose	 gel	 containing	 ethidium	bromide	 (0.5	 µg	ml-1).	 Appropriate	
bands	 were	 excised	 and	 extracted	 using	 the	 Roche	 Agarose	 gel	 extraction	 Kit	 per	
manufacturer’s	 instructions.	Ligations	 (10	µl)	were	performed	using	molar	 insert-to-vector	
ratios	of	at	least	2:1	and	1	U	T4	DNA	ligase	(New	England	Biolabs)	in	the	supplied	buffer,	at	
16°C	 overnight.	 Nucleic	 acids	 from	 ligation	 were	 subjected	 to	 ethanol	 precipitation,	
electroporated	 into	E.	 coli	 XL1-Blue®	 (Stratagene)	 ultracompetent	 cells	 and	 transformants	
were	 grown	 on	 LB	 agar	 and	 ampicillin.	 Positive	 colonies	 were	 inoculated	 into	 LB	 broth	

















Primer	 sequences	 are	 presented	 in	 5`	 →	 3`	 format.	 Underlined	 regions	 are	 engineered	
restriction	sites	NdeI	(CATATG)	and	BamHI	(GGATCC)	for	the	insertion	into	vector	pTA963.	
































30	 and	 65	 °C,	 in	 the	 oxidative	 reaction.	 To	 investigate	 activity	 in	 the	 presence	 of	 organic	
solvent,	 standard	HwADH	 activity	 tests	 were	 performed	 with	 the	 addition	 of	 10	 %	 (v/v)	









of	 novel	 halophilic	 alcohol	 dehydrogenases.	 A	 simple	 3DM	 search	 and	 BLAST	 against	 our	
HvADH2	from	Haloferax	volcanii	identified	a	homologue	which	we	named	HwADH.	HwADH	
from	Haloquadratum	walsbyi	respected	halophilic	traits	by	requiring	high	salt	concentrations	
for	 activity,	 was	 thermophilic,	 alkaliphilic	 and	 demonstrated	 some	 tolerance	 10	 %	 (v/v)	
organic	solvents.	HwADH	exhibited	dual	cofactor	specificity	and	accepted	a	broad	range	of	
substrates	 with	 a	 preference	 for	 primary	 aromatic	 alcohols	 and	 showed	 activity	 towards	
secondary	aromatic	substrates.	There	is	potential	to	exploit	the	enzyme	in	the	reduction	of	
aromatic	 ketones.	 The	 heterologous	 expression	 in	 Haloferax	 volcanii	 facilitated	 the	
characterisation	 of	HwADH	 but	 was	 low	 yielding	 compared	 to	 other	 halophilic	 enzymes.	
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